Introduction
============

Colorectal cancer (CRC) with a multistep process is a leading cause of high cancer-related morbidity and mortality, with \>600,000 deaths worldwide annually.[@b1-ott-9-4121] Although various etiologies have been proposed, the aberrant accumulation of genetic and epigenetic changes is an important mechanism during tumorigenesis. Numerous data show that altered epigenetic modification contributes to carcinogenesis.[@b2-ott-9-4121] Micro-RNAs are small noncoding RNAs that can lead to the translational repression of target genes. The increasing interest in the microRNAs with regulatory function has led to continued research; hence, many new microRNAs have been found as oncogenes or tumor suppressors with high sensitivity and specificity.[@b3-ott-9-4121] MicroRNAs take part in a large number of biological activities, including cell differentiation, proliferation, and apoptosis.[@b4-ott-9-4121],[@b5-ott-9-4121] Altered microRNAs are found in various cancers, including breast cancer,[@b6-ott-9-4121] lung cancer,[@b7-ott-9-4121] gastric cancer,[@b8-ott-9-4121] hepatocellular carcinoma,[@b9-ott-9-4121] pancreatic cancer,[@b10-ott-9-4121] and esophageal squamous cell cancer.[@b11-ott-9-4121] Some studies have discovered many aberrant microRNAs in CRC,[@b12-ott-9-4121] which seem to show the significant roles of microRNAs in the development of CRC. The expression and relative functions of E-cadherin and Par3, which might be regulated by miR-429, are still unclear.

Berberine (BER) is widely used in clinical practice in antidiarrheal, antihypertensive, and anti-inflammatory diseases.[@b13-ott-9-4121]--[@b16-ott-9-4121] Furthermore, increasing evidence supports that BER can suppress chemical-induced carcinogenesis, tumor development, and invasion.[@b16-ott-9-4121]--[@b18-ott-9-4121] Evodiamine (EVO) has been reported to exert the antitumor, antinociceptive, and vasorelaxant effect.[@b19-ott-9-4121],[@b20-ott-9-4121] EVO can suppress tumor invasion and promote apoptosis.[@b21-ott-9-4121] However, the antitumor mechanisms of BER and EVO are still poorly understood.

Our study aimed to discover the potential biomarkers for CRC and investigate the role of potential biomarkers and microRNA in tumorigenesis.

Materials and methods
=====================

Subjects
--------

Tissues resected operationally were from the First Affiliated Hospital of Guangdong University of Traditional Chinese Medicine (TCM). Patients had not accepted any radiotherapy or chemotherapy before operation. The diagnosis of CRC was confirmed by at least two pathologists. The collected samples were immediately put into liquid nitrogen for conservation. Tumor tissues and matched tumor-adjacent normal tissues were collected from the same patient. The study was approved by the Institutional Ethics Committee of Guangzhou University of TCM and performed in accordance with the ethical guidelines of the Declaration of Helsinki. Informed written consent was obtained from all participants.

MicroRNA target prediction
--------------------------

MicroRNA target genes were predicted by retrieving databases of miRBase and miRanda, and targets can be found at (<http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/>, <http://www.microrna.org/microrna/home.do>, <http://mirdb.org/miRDB/>). The prediction was made to find potential target genes with a high degree of sequence matching and stable secondary structure.

Western blotting
----------------

Tissues were collected, lysed, and blotted as described previously.[@b22-ott-9-4121] Membranes were blocked with blocking solution (5% skim milk in Tris-buffered saline with Tween 20) and incubated with primary antibody E-cadherin (Abcam, Cambridge, MA, USA) and Par-3 (BIOSS, Beijing, China), followed by incubation with appropriate secondary antibody. The densitometry of Western blotting results was measured using the ImageJ software (National Institutes of Health, Bethesda, USA).

Immunohistochemistry
--------------------

Specimens were confirmed by hematoxylin and eosin-stained sections. Formalin-fixed, paraffin-embedded sections (4 µm) were deparaffinized in xylene, rehydrated in graded alcohol, and rinsed in phosphate-buffered saline (PBS). Endogenous peroxidase activity was blocked with 3% hydrogen peroxide in methanol for 20 minutes. Epitope retrieval was performed in citrate buffer for 5 minutes at 100°C. Slides were incubated with mouse monoclonal primary antibodies (BIOSS) diluted to 1:30 at 4°C overnight. After washing three times with fresh PBS, the sections were subsequently incubated with secondary antibody at room temperature (37°C) for 30 minutes. For visualization of the reaction, the diaminobenzidine-tetrahydrochloride was stained, then counterstained with hematoxylin, dehydrated and cover slipped. Two observers without knowledge of the studies' data performed evaluation of the staining.

Tissue culture and treatment
----------------------------

After washing by Hanks, the tissues were overlaid with advanced Dulbecco's Modified Eagle's Medium/F12 containing 100 U/mL penicillin (Thermo Fisher Scientific, Waltham, MA, USA), 100 µ/mL streptomycin (Thermo Fisher Scientific). BER (Sigma-Aldrich Co, St Louis, MO, USA) and EVO (WakoPure Chemical Industries, Ltd., Osaka, Japan) were added to the basal medium, respectively, after 48 hours. Tissues were treated with BER at 4, 8, 16 µM, EVO at 3, 6, 12 µM for 72 hours. EVO was dissolved in dimethyl sulfoxide. The concentration of dimethyl sulfoxide was \<0.1% in the medium.

Cultured tissue staining
------------------------

Calcein-AM (Dojindo Laboratories, Kumamoto, Japan) and propidium iodide (PI) (Dojindo) solution were mixed and prepared with PBS. A portion of 1 mL Calcein-AM/PI solution was supplemented onto the culture medium. The obtained tissues were incubated at 37°C for 20 minutes and then the tissue samples were washed twice with the PBS. The tissue slices were observed under the fluorescence microscope (Olympus, Tokyo, Japan).

Quantitative reverse transcription polymerase chain reaction
------------------------------------------------------------

Random primer 10 µmol/L was added to total RNA 1 µg, then diethylpyrocarbonate was blended for 10 minutes, finally the reverse transcription reaction liquids (5× RT reaction buffer 5 µL, deoxynucleotide 1 mmol/L, RNase inhibitor 1 U/µL, M-MLV RTase 8 U/µL (Invitrogen, Waltham, MA, USA), diethylpyrocarbonate 4 µL) were added for 1 hour to obtain reverse transcription products. For quantitative reverse transcription polymerase chain reaction (qRT-PCR), SYBR Green I (Ribobio, Guangzhou, People's Republic of China) was used in accordance with instructions, relative expression levels were calculated by subtracting the average U6 (internal control) Ct values and applying the formula 2^−ΔΔCt^. All samples were performed in triplicate. The used primers by Primer 5.0 ABI PRISM7900 system are listed in [Table 1](#t1-ott-9-4121){ref-type="table"}. 2× qRT-PCR reaction mix 8 µL (2× master mix 5 µL, PCR sequence specific primer F 0.5 µL, PCR sequence specific primer R 0.5 µL) were added to holes corresponding to 384-PCR plate, then corresponding 2 µL complementary DNA was added. Three-step program was used for the PCR reaction, and after the reaction, analysis of melting curves was performed.

Statistical analysis
--------------------

All data analysis was performed by Stata 12.0 software (StataCorp LP, College Station, TX, USA). The qRT-PCR results are presented as the mean ± standard error of the mean. One-way analysis of variance analysis was adapted to accomplish the comparison among the three groups, assuming normal distribution; if not, nonparametric test was performed. Significant level α was 0.05 and *P*-value \<0.05 was considered to be statistically significant.

Results
=======

MicroRNAs target prediction and functional analysis
---------------------------------------------------

Predictive information from three databases, miRBase, miRanda, and Targets can be performed; overlapping parts of the three predictive results were served as final result predicted. Furthermore, relative functional analysis of target genes was made as well. Consequently, a large number of target genes mediated by miR-429 and relative functions were acquired. As illustrated in [Figure 1](#f1-ott-9-4121){ref-type="fig"}, a large quantity of target genes was mediated by miR-429.

Hematoxylin and eosin staining
------------------------------

One of the earliest histopathological phenomena of CRC is aberrant crypt foci (ACF). Increasing evidence supported that ACF is the early indication of colon cancer.[@b23-ott-9-4121] The size and number of ACF contributes to CRC development. Normal colon crypts were cut vertically to observe their histopathological characteristics. The colon crypts without branching or protuberances were test tube shaped and smooth on the surface. Compared to normal tissues, the crypts tumor tissues were losing their morphology ([Figure 2A](#f2-ott-9-4121){ref-type="fig"}).

Immunohistochemistry and Western blotting
-----------------------------------------

Immunohistochemical staining suggested that E-cadherin and Par-3 were expressed in all tissue specimens, and were dominantly observed in the cytoplasm and membrane ([Figure 2B and C](#f2-ott-9-4121){ref-type="fig"}). The tissues were cultured for 3 and 25 days and subsequently stained with Calcein-AM/PI ([Figure 2D](#f2-ott-9-4121){ref-type="fig"}). Western blotting showed that the expression levels of E-cadherin and Par-3 in the tumor tissues were significantly lower than those in the normal tissues ([Figure 2E and F](#f2-ott-9-4121){ref-type="fig"}). MicroRNAs in the tissues treated with BER and EVO were also detected by qRT-PCR. The expression levels of miR-429 were significantly upregulated in all the treatment groups compared with those in the control group. However, the level of miR-429 in tumor tissues was considerably lower than that in normal tissues treated with BER and EVO, suggesting that the expression level of miR-429 was regulated by BER and EVO treatment, as illustrated in [Figure 3](#f3-ott-9-4121){ref-type="fig"}.

Discussion
==========

Inheritance mediated by epigenetics plays a crucial role in carcinogenesis. Some studies have discovered that the degree of epigenetic difference between cancer and normal cells was considerably higher than that between normal cells with different phenotypes and even different germ cells, such as fibroblasts and epithelial cells, suggesting that epigenetics exerts a pivotal effect on tumorigenesis. In addition, complexity and frequency of epigenetic alterations observed in cancer cells appear to be able to overturn the explanation that epigenetic alterations rely on a single event;[@b24-ott-9-4121] on the contrary, these pathological alterations may be caused by multiple mechanisms. Previous studies have shown that aberrant microRNAs changes play a vital role in different steps of cancer formation.[@b25-ott-9-4121] Difference of microRNA profiling in the different phases of colorectal canceration reveals that oncogenesis is not a molecular event but a sequential process involving a number of genes and signaling molecules. Furthermore, two or more microRNAs may participate in the canceration process at the same time. Some studies reported that microRNAs expression levels are globally reduced in cancer patients,[@b26-ott-9-4121] many researchers have found the opposite in CRC specimens. Our previous study found upregulated miR-200a-5p, miR-429, miR-497-5p, and downregulated miR-185-5p, miR-625-3p, miR-1237 in tumor tissues. These results reveal that tumors significantly differ from normal tissues in epigenetics, which is consistent with the previous studies. Among the six microRNAs, expression level of miR-429 was significantly increased in tumor tissues compared with normal tissues. Higher expression levels of miR-429 correlate with a poor prognosis in patients with advanced-stage ovarian carcinoma.[@b27-ott-9-4121] MiR-429 may regulate many proteins, including zinc finger E-box binding homeobox 1), DNA methyltransferase, fibroblast growth factor and RNA binding motif protein, etc. Overexpression of miR-429 plays an important role in epithelial--mesenchymal transition[@b28-ott-9-4121] and promotes proliferation in liver cancer cells.[@b29-ott-9-4121] E-cadherin is a vital component of adheren junction, which is crucial in the maintenance of epithelial integrity.[@b30-ott-9-4121] As a tumor suppressor gene, loss of E-cadherin expression is a fundamental event in tumorigenesis.[@b31-ott-9-4121] Many studies focus on the aberrant expression of E-cadherin[@b32-ott-9-4121],[@b33-ott-9-4121] and discover that Snail and ZEB families are the major transcriptional repressors in downregulating E-cadherin.[@b34-ott-9-4121],[@b35-ott-9-4121] The Par genes (Par1, 3, 4, 5, 6, and aPKC) encode an evolutionarily conserved group of polarity proteins that is essential for cell polarization and epithelial organization.[@b36-ott-9-4121] Par3 is a key component in delivering aPKC to the apical surface through binding of Par3 to the adapter protein Par6, which forms a constitutive complex with aPKC.[@b37-ott-9-4121] Loss of Par3 and aPKC causes epithelial misorganization and activation of Stat3 and induction of MMP9 expression.[@b38-ott-9-4121] It has been reported that loss of polarity proteins that are essential to epithelial polarity play a crucial role in carcinogenesis.[@b39-ott-9-4121] E-cadherin and Par3 may act as suppressors of tumorigenesis in various cancers. Immunohistochemistry and Western blotting analysis showed that the expression levels of E-cadherin and Par3 were remarkably downregulated in colon cancer specimens, compared with those of normal colon tissues ([Figure 2](#f2-ott-9-4121){ref-type="fig"}). However, miR-429 was significantly upregulated in cancer tissues. There might be a negative correlation between these polarity proteins and miR-429.

However, upregulated expression of miR-429 was reversed after the treatment of EVO and BER. As observed in our data, the expression level of miR-429 was significantly lower in tumor tissues than in normal tissues after treatment with BER and EVO for 72 hours, indicating that BER and EVO might exert antitumor effect by regulating the downregulating level of miR-429. BER and EVO can downregulate the expression of oncogenes to suppress the development of CRC. Previous studies reported that BER could inhibit the proliferation and migration of cancer cells by inhibiting Wnt signaling pathway.[@b40-ott-9-4121] Furthermore, BER can suppress tumor development by inducing apoptosis.[@b41-ott-9-4121] Many studies have shown that BER was therapeutic to CRC.[@b42-ott-9-4121]--[@b44-ott-9-4121] EVO can inhibit cell proliferation and induce apoptosis in several kinds of cells as well.[@b45-ott-9-4121]--[@b47-ott-9-4121] EVO can increase cleaved caspase-3 and PARP proteins and caspase-3 activity by apoptosis in COLO205 and HT-29 cells.[@b48-ott-9-4121]

Taken together, our data suggest that the levels of E-cadherin and Par3 may be downregulated due to loss of polarity during the process of tumorigenesis and metastasis of human CRC, and miR-429 might function to suppress the progression of human CRC by downregulating the expression of E-cadherin and Par3. BER and EVO may be the promising antitumor agents for human CRC by downregulating the expression of miR-429.
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![A network of target miRNAs--messenger RNAs. Blue nodes represent target genes and yellow nodes represent miRNAs.\
**Abbreviation:** miRNA, microRNA.](ott-9-4121Fig1){#f1-ott-9-4121}

![Immunohistochemistry, Western blotting and qRT-PCR of E-cadherin and Par3.\
**Notes:** (**A1** and **A2**) H&E staining of normal and tumor tissue (×200). (**B1** and **B2**) Immunohistochemical staining of E-cadherin between normal and tumor tissues (×400). (**C1** and **C2**) Immunohistochemical staining of Par3 between normal and tumor tissues (×400). (**D1** and **D2**) Calcein-AM/PI staining of cultured tissue for 3 and 25 days (×40). (**E**) Western blotting of E-cadherin and Par3 between normal and tumor tissues. (**F**) Expression level of E-cadherin and Par3 analyzed by Western blotting. \*Denotes statistical significance compared with normal tissues.\
**Abbreviations:** H&E, hematoxylin and eosin; PI, propidium iodide; AM, acetoxymethyl ester.](ott-9-4121Fig2){#f2-ott-9-4121}

![qRT-PCR of miR-429 treated with different dosages of BER and EVO.\
**Notes:** (**A**) Expression of miR-429 after 72 hours of treatment with BER. (**B**) Expression of miR-429 after 72 hours of treatment with EVO. \*Denotes statistical significance compared with control group; \*\*represents statistical significance compared with tumor tissue.\
**Abbreviations:** BER, berberine; EVO, evodiamine; qRT-PCR, quantitative reverse transcription polymerase chain reaction.](ott-9-4121Fig3){#f3-ott-9-4121}

###### 

List of primers used for qRT-PCR

  Gene name     RT two-way primer                 Annealing temperature(°C)   Length of products (bp)
  ------------- --------------------------------- --------------------------- -------------------------
  U6            F:5′GCTTCGGCAGCACATATACTAAAAT3′   60                          89
                R:5′CGCTTCACGAATTTGCGTGTCAT3′                                 
  hsa-miR-429   GSP:5′GGGGGTAATACTGTCTGGT3′       60                          64
                R:5′TGCGTGTCGTGGAGTC3′                                        

**Notes:** GSP is a specific primer corresponding to microRNA, R is a primer corresponding to the RT primer. Statistical analysis: All data analysis was performed by Stata 12.0 software (Statacorp). The qRT-PCR results are presented as the mean ± standard error of the mean. One-way analysis of variance analysis was adapted to accomplish the comparison among the three groups, assuming normal distribution; if not, nonparametric test was performed. Significant level α was 0.05, and *P*-values \<0.05 were considered to be statistically significant. F is forward primer. R is reverse primer.

**Abbreviations:** qRT-PCR, quantitative reverse transcription polymerase chain reaction; GSP, gene specific primer.
